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In the present paper we discuss a few issues regarding the secular variation (SV) and secular acceleration (SA)
of the geomagnetic ﬁeld that have consequences on mapping them at regional scales. Data from the European
network of geomagnetic observatories have been analyzed from the perspective offered by existing long time
series of annual means. The existence of high-frequency ingredients in the temporal change of the main ﬁeld has
been taken into account too. The importance of eliminating, from observatory and main ﬁeld model data, prior
to any discussion on secular variation, the signal related to external variations is demonstrated. Its consequences
for SV analysis and/or mapping, including the jerk concept, are shown. Also, the importance of the geographical
scale at which the SV is represented is discussed. To that aim, we used gufm1, IGRF and CM4 models for
the main ﬁeld from which the residual external signature was eliminated. The contribution of high-frequency
ingredients to the map pattern is revealed. The results of the paper set additional observational constraints to the
main ﬁeld and geodynamo modeling.
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1. Introduction
An inspection of sources that contribute the observed ge-
omagnetic ﬁeld at Earth’s surface reveals the well known
three main contributors, namely the core ﬁeld (also called
the main ﬁeld), the lithospheric ﬁeld and the external ﬁeld
(Mandea and Purucker, 2005; Olsen et al., 2007). They are
produced, respectively, by a dynamo process in the outer
core, by the magnetized rocks above the Curie temperature
in the lithosphere and by the interaction of solar radiative
and particle output with the ionosphere and magnetosphere.
We also need to take into account that both the external and
the core time-varying ﬁelds induce a time-varying response
ﬁeld in the solid Earth by two different mechanisms. One is
magnetic induction in the magnetic material of the litho-
sphere above the Curie temperature (generally the crust)
and the other is electromagnetic induction in the crust and
mantle conductive structures.
Correctly evaluating the secular variation (SV), i.e. of
the time change underwent by the core ﬁeld, is of great
importance to geodynamo modeling. It requires eliminating
from data the contribution of the lithospheric ﬁeld, as well
as of the external ﬁeld and of its induced response in the
Earth.
The temporal change of the observed ﬁeld at a given point
on the Earth’s surface, generally expressed by its ﬁrst time
derivative, would be described by six terms, three of internal
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origin and three of external origin. Schematically we have
˙Bobs (t) = ˙Bcore (t) + ˙B
(core)
mi (t) + ˙B
(core)
emi (t)
[lithos] [lithos + mantle]
+ ˙Bext (t) + ˙B
(ext)
mi (t) + ˙B
(ext)
emi (t)
[lithos] [lithos + mantle] (1)
where “obs” stands for “observed”, “mi” stands for “mag-
netic induction”, and “emi” for “electromagnetic induc-
tion”. The superscript indicates the inducing ﬁeld and the
subscript indicates the process by which the contribution to
the respective variation term is created. The terms in square
brackets indicate the region of the solid Earth affected by
the sources and processes corresponding to the superscripts
and, respectively, to the subscripts. The remanent magne-
tization of rocks plays, of course, no role in the ﬁeld time
variation.
If the external contribution, direct and induced, is prop-
erly accounted for, the time variation of the observed ﬁeld
would contain only information on the core ﬁeld, in a non-
linear fashion that depends on magnetic properties of rocks
above the Curie temperature and of the electric properties
of the crust and mantle structures.
Unless the two induced internal terms are independently
known, only the change of the entire internal ﬁeld can be
obtained from data. The temporal evolution of this ﬁeld
would be similar to the temporal evolution of the core ﬁeld,
except the amplitude. This is because the induced crust ﬁeld
would vary in phase with the core ﬁeld, on one hand, and
we do not expect large phase differences of the electromag-
netically induced ﬁeld in the crust and mantle conductive
structures with respect to the inducing core ﬁeld, on the
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other hand. However, as regards the amplitude of the tem-
poral change, one could expect differences, that might be
signiﬁcant, between the core and the entire internal ﬁeld.
Nevertheless, a quantitative approach would be needed to
assess this aspect. Recent progress has been made in this
direction by The´bault et al. (2009) and Hulot et al. (2009).
Both papers make use of the vertically integrated suscepti-
bility (VIS) values calculated by Hemant and Maus (2005)
in a global network of 0.25◦ ×0.25◦ resolution. The former
estimated the secular variation produced by the crust by cal-
culating the response of the VIS model to variations of the
core ﬁeld as described by the CM4 model (Sabaka et al.,
2004). The latter concludes, based on the spatial spectrum
of the ﬁeld changes in terms of spherical harmonic analysis,
that up to a critical degree of 22–24 the observed changes in
the ﬁeld of internal origin are likely to be the secular vari-
ation of the core ﬁeld, but, beyond that degree, the signal
produced by the time-varying lithospheric ﬁeld is bound to
dominate and conceal the time-varying core signal.
Individually modeling the three terms related to exter-
nal variations, attempted in the comprehensive modeling
(Sabaka et al., 2002, 2004), is only partially successful up
to now, in spite of the signiﬁcant progress compared to other
types of modeling: the solar-cycle-related external term is
modeled by means of Dst and F10.7 only, the electromag-
netic crust and mantle response is built on a 1D radial dis-
tribution of conductivity, deduced (Olsen, 1998) from Eu-
ropean data, and the crust response by magnetic induction
is completely ignored.
Secular variation studies generally deal with observatory
annual means and/or with repeat station data that are re-
duced to the middle of the measurement year. There is also
a tendency to use monthly averages (e.g. Alexandrescu et
al., 1995), but, we think, with increased possibilities for
external effects to leak into the models. The presence in an-
nual mean data of a solar-cycle-related (SC) signal due to
incomplete averaging out of external effects, modulated by
the solar activity, has long been recognized (Chapman and
Bartels, 1940; Yukutake, 1965; Bhargava and Yacob, 1969;
Alldredge, 1975, 1976; Courtillot and Le Moue¨l, 1976;
Alldredge et al., 1979; Yukutake and Cain, 1979; Deme-
trescu et al., 1988; Verbanac et al., 2007; Wardinski and
Holme, 2011). Because at the observing point these effects
comprise both the direct and the induced ﬁelds, and hav-
ing in view the frequency difference of the SC variation in
comparison to the secular variation, a suitable ﬁlter applied
to data would eliminate both the external ﬁelds and their
induced effects. Recent works (Korte and Holme, 2003;
The´bault, 2008; Verbanac et al., 2009) use a quite different
way to deal with the external signal, modeling the internal
ﬁeld from data by means of a spherical cap harmonic anal-
ysis (SCHA). We think that the problem of external effects
leaking into the main ﬁeld model, which we discuss in the
present paper in relation with global ﬁeld models, might be
a problem for the SCHA too.
In the present paper we discuss, on data from the Euro-
pean network of geomagnetic observatories, a few issues re-
garding the secular variation and secular acceleration, with
consequences on mapping them at regional scales, from
the perspective of the existence of high-frequency ingredi-
ents (Demetrescu and Dobrica, 2005, 2013) in the temporal
change of the main ﬁeld. In the next section we present
the data and the method we work with, and in Section 3 we
describe an empirical approach to obtain information con-
cerning the time variation of the internal ﬁeld and of its geo-
graphical distribution, within the jerk concept applied to SV
mapping. In Section 4 we discuss some consequences of
having a longer time-perspective on the geomagnetic ﬁeld
evolution, and in Section 5 a discussion on the leakage of
the external signals into main ﬁeld models is made. The SV
evolution in the 20th century in Europe, based on global
models for the main ﬁeld is presented in Section 6 from the
perspective of the contribution of high-frequency ingredi-
ents, at 22- and ∼80-year timescale, present in data. The
main conclusions of the study are pointed out in the last
section of the paper.
2. Data and Method
Annual means of geomagnetic elements H , Z , and D, as
given at http://www.geomag.bgs.ac.uk/gifs/annual means.
html have been used. The European network of observato-
ries has been chosen to support our demonstrations, as be-
ing the densest network available, with high-quality data in
a time-span relevant for SV studies. Also, global main ﬁeld
models spanning long-time intervals, namely gufm1 (Jack-
son et al., 2000), IGRF (Finlay et al., 2010), CM4 (Sabaka
et al., 2004) have been used for the same geographical area,
to illustrate our viewpoints.
Data temporal distribution for the European network is il-
lustrated in Fig. 1. The largest number of observatories pro-
viding data, 34, is reached between 1960 and 2004, making
this time interval suitable for mapping the time change of
the internal ﬁeld. The location of the observatories is il-
lustrated in the same ﬁgure. Geographical coordinates are
given in Table A.1 (Appendix).
The simplest ﬁlter to get rid of the SC signal in data
would be the running averages with an 11-year window.
Experiments with 9 and 12-year windows to encompass the
range of the solar cycle length gave similar results. In Fig. 2
we show the H , Z , and D annual means time series (thin
black) and the ﬁltered time series (gray), generically de-
noted by E11 (E stands for “geomagnetic element”) in the
following sections, that represent the internal ﬁeld, for three
observatories with different trends, namely SUA, NGK, and
HAD. In the lower panel, the difference E − E11, i.e.
E(11), is shown for the three observatories. The noise in
data is mostly kept in the 11-year variation. However, the
latter is signiﬁcant, with amplitudes of 10–20 nT in case of
H and Z , and of 2–3 minutes in case of D.
The ﬁrst step in processing observatory and/or main ﬁeld
model data was to ﬁlter out the solar-cycle-related signal
present in the annual means at observatories; this signal is
leaking in the main ﬁeld models too, as we show in Sec-
tion 5. We have chosen the simplest ﬁlter—11-year running
averages—as presented above. Then we divide our discus-
sion on how to obtain a proper representation of the secular
variation in two directions, according to available data: the
case of data in a suitable time-span from a relatively dense
network of observatories (such as Europe) and the case of
main ﬁeld models that allow retrieving the secular variation
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Fig. 1. Location of observatories. Inset—number of observatories in operation.
Fig. 2. Observatory annual means (thin black) and 11-year running averages (gray) for H (left), Z (center), and D (right) for three observatories with
different trends, SUA, NGK, HAD. Lower panels: 11-year signal in data.
in a much longer time interval than observatory data (and,
if needed, covering larger areas than possible if using only
observatory data). In the ﬁrst case we used the jerk con-
cept and an empirical approach to describe the ﬁeld evolu-
tion between successive jerks, as described in Section 3. In
the second case, our considerations are based on the ﬁeld
evolution in a grid of points of 2◦ × 2◦ latitude/longitude
over Europe, calculated from global main ﬁeld models with
a long time-span (gufm1, IGRF, CM4). Successively ﬁl-
tering with 11-, 22-, and 80-year running windows of each
time series are used to render evident variations at 22- and
∼80-year timescales that are present in data (Section 4). In
Section 6 we map the contribution of these variations and
discuss their contribution to the secular variation.
3. The Jerk Concept Applied to SV Mapping
A geomagnetic jerk represents a sudden V-shaped change
in the ﬁeld ﬁrst time-derivative, or a step change in the
second time-derivative (ﬁeld acceleration), separating two
time intervals of quasi-constant evolution (Courtillot et al.,
1978). At the jerk time the ﬁeld acceleration goes through
zero and the ﬁeld goes through an inﬂection point. Be-
tween jerks the acceleration of the ﬁeld is constant. Ac-
cepted jerks in the 20th century occurred at 1901, 1925,
1969, 1978, 1989, 1999 (e.g. Alexandrescu et al., 1996; Le
Huy et al., 1998; Mandea et al., 2000; Sabaka et al., 2004).
These moments have been established according to Y or D
data, which show jerks clearlyer than other geomagnetic el-
ements. They do not necessarily occur at the same moments
in all geomagnetic elements.
Within the jerk concept we have to analyze the second
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Fig. 3. Field acceleration in H (top), Z (middle), and D (bottom) for the
three observatories of Fig. 2. Zero values are marked.
time derivative in order to detect jerk moments in the ﬁrst
time derivative and changes in curvature of the ﬁeld evolu-
tion time series. Then we can ﬁt a second order polynomial
to each segment of the time series deﬁned according to the
curvature sign, in the time interval covered with a homo-
geneous data set from as many European observatories as
possible. This will allow describing the evolution of the in-
ternal ﬁeld and of its time change in a suitable way for map
representation, as:
Eint (t) = a0 + a1t + a2(t)2 (2)
where Eint is the internal part of the geomagnetic element
E considered, t is the time (in years) elapsed since the
beginning of the given segment, and a0, a1, a2 are constants
determined by ﬁt.
This way, the secular change of the geomagnetic element
E would be:
E˙int (t) = a1 + 2a2t (3)
and the acceleration in the time evolution of the geomag-
netic element would be:
E¨int = 2a2. (4)
So, in a given time interval, for which a0, a1 and a2
were determined for each observatory considered, the time
change of the internal ﬁeld can be mapped for any chosen
year. A single map of ﬁeld acceleration would characterize
that time interval. For the time interval 1960–2004 with
data from 34 observatories we can deﬁne three moments
of zero acceleration value in case of H and four in case of
D, as seen in Fig. 3 where data for the three observatories
selected in Fig. 2 are superimposed: 1969, 1986, and 1999
and, respectively, 1969, 1981, 1989, 1999. They are marked
by a vertical bar in the ﬁgure. Z data are noisier and a
jerk moment is more difﬁcult to deﬁne. An attempt to
do that is however presented. For the time intervals so
deﬁned, applying the above principles results in the maps
of Figs. 4–6. They display the geographical distribution of
the secular change in two of the deﬁned time intervals for
H , Z , and D respectively. The maps compare very well
with those derived from SCHA results of The´bault (2008)
and Verbanac et al. (2009).
The main problem arisen by this kind of mapping con-
cerns the continuity of the SV information at the common
epoch of two joining segments of data, because, in reality,
as we shall see in the next section, at the two ends of the
segment, what we call E11 does not show the sharp V form
in its ﬁrst time derivative, (according to the jerk concept),
but rather a smooth evolution over several years.
For times prior to 1960 such maps cannot be produced
using observatory data alone, due to the fewer and fewer
observatories in operation as one goes back in time. Field
models should be used instead. However, the time perspec-
tive offered by long time-series of data, discussed in the
next section, will introduce new constraints to SV and SA
mapping, because, as can be seen in Fig. 7, where secu-
lar acceleration of the ﬁeld for several observatories with
longer time-series are plotted, there are time intervals, such
as 1919–1970 in H , when the constant acceleration of the
ﬁeld, assumed in the jerk model, is only a crude approxi-
mation. Remark also, the high noise level, which will be
discussed in the next section.
4. The Time Perspective Offered by Available
Long Time-Series of Data
We have recently shown (Demetrescu and Dobrica, 2005,
2013), based on 150–100 year long time series from 24
observatories world-wide and on 400-year long ones from
three European sites, that the variations described in the lit-
erature as “geomagnetic jerks” are in fact parts of quasi-
periodical variations of the main ﬁeld that we called the
“22-year” and the “∼80-year” variations, superimposed on
what we called the “steady variation”. The impression
of change sharpness (1–2 years) given by the ﬁrst time-
derivative (ﬁrst differences) of annual mean values is an
effect of the SC variation present in data. Once this exter-
nal effect eliminated, the time change of the ﬁeld is much
smoother and the transition from decreasing to increasing
and from increasing to decreasing values of the secular
change takes several years, as can be seen in Fig. 8.
The three columns of the ﬁgure refer to H , Z , and D,
respectively. The panels in a column illustrate, from top to
bottom, the evolution of the internal ﬁeld (E11) and of its
ﬁrst and second time-derivatives, respectively. Data from
HAD are shown, as being the longest time series avail-
able (the time series start in 1860). The successive time-
derivatives of the internal ﬁeld reveal the existence of higher
frequency signals (∼5 and 2–3 years), which are completely
insigniﬁcant in E11, but are enhanced by the derivative op-
erator and become signiﬁcant in the time-derivative plots.
They are also of external origin, being harmonics of the 11-
year cycle, or the expression of the well known behavior of
geomagnetic activity with two peaks in a solar cycle, one
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Fig. 4. Secular acceleration between 1969–1986 (a) and 1986–1999 (b) and secular variation for 1969 (c) and for 1980 (d) in case of horizontal
component (H ).
Fig. 5. Secular acceleration between 1969–1986 (a) and 1986–1999 (b) and secular variation for 1969 (c) and for 1980 (d) in case of radial component
(Z ).
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Fig. 6. Secular acceleration between 1981–1989 (a) and 1989–1999 (b) and secular variation for 1980 (c) and for 1989 (d) in case of declination (D).
Fig. 7. Acceleration of the internal ﬁeld (H ) for some European observatories with long activity. Vertical bars mark zero acceleration epochs. Gray
horizontal segments illustrate the constant acceleration of the jerk concept.
at maximum and the other in the declining phase (Mayaud,
1980), and/or a result of the asymmetries in the variations of
geomagnetic activity (Mursula et al., 1997) and should be
regarded as noise. The noise level is increased before 1930,
most likely due to well known difﬁculties in maintaining the
base level of recordings.
Several conclusions could be drawn regarding the secular
change of the internal ﬁeld, having at hand the longer time
perspective on data plotted in Fig. 8:
(1) the ﬁrst time-derivative does not show jerks, but dis-
play extrema of the combined ∼80-year, 22-year, and
steady variations; this was ﬁrst shown on D data by
Demetrescu and Dobrica (2005, 2013). Such extrema
do not occur at the same time in all geomagnetic el-
ements. For instance, extrema in H occur at 1898,
1919, 1970, 1987, 2000, in Z at 1893, 1919, 1940,
1972, 1982, while in D they occur at 1903, 1927,
1966, 1981, 1990, 2000;
(2) the extrema occur at a different moment than the ac-
cepted geomagnetic jerk. That was also noticed by
Sabaka et al. (2004) when accounting for the external
contribution in data;
(3) the transition between episodes of quasi-constant (in
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Fig. 8. The internal ﬁeld and time derivatives for H (left), Z (middle), and D (right) in case of observatory Hartland (HAD). Vertical lines mark zero
values of the secular acceleration and extrema in the secular variation.
Fig. 9. Ingredients of the secular variation and acceleration of declination at HAD. See text for details.
the jerk concept) evolution of the ﬁeld, i.e. between
decreasing and increasing or between increasing and
decreasing time-change, is lasting several years in case
of declination. In H and Z such transitions last longer
(see, for instance, the minimum in H˙ around 1919).
This was also noticed by Alexandrescu et al. (1997) in
case of declination, and is seen in the CM4 (Sabaka et
al., 2004, their ﬁgure 8). No conclusions regarding the
current jerk concept were advanced by the mentioned
authors;
(4) as the acceleration is calculated as a time derivative of
the secular variation, always zero acceleration values
mark extrema in the secular variation evolution. Be-
tween two extrema in the ﬁrst time-derivative and/or
zero values of the ﬁeld acceleration (the second time-
derivative), the ﬁeld acceleration shows a variable evo-
lution, with a pulse or a more complex shape. One can
no longer consider, for instance, constant ﬁeld acceler-
ation and a linear variation of the ﬁrst time-derivative
between 1919 and 1970 in H and treat data as in the
previous section. A more complex behavior of the ac-
celeration is seen in that time interval, with a maxi-
mum around 1950, between the two zero values, in
1919 and 1970. A pulse-like shape of the accelera-
tion is characteristic to the last ∼40 years of the plots,
dominated by the 22-year variation, while the ∼80
year variation controls the ﬁeld evolution before 1960–
1970. The characteristics of these two ingredients of
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the ﬁeld where discussed at length by Demetrescu and
Dobrica (2005, 2013). This can be seen in Fig. 9, in
which the contributions of the 22-year, ∼80-year and
steady ingredients of the SV and SA, at Hartland ge-
omagnetic observatory, are plotted in case of declina-
tion. The upper panel shows the ﬁrst differences of
the annual means (black) and the time-derivatives of
the 11-, 22-, and 80-year smoothed data (gray, dashed
and dotted, respectively). The middle panel displays
the ﬁrst time-derivative of the 11-, 22- and ∼80-year
variations (gray, dashed and dotted, respectively), and
the lower panel the second time-derivative of the same
ﬁeld ingredients. Arrows mark the accepted jerk mo-
ments and vertical lines mark zero values of the accel-
eration in case of the 22-year and the ∼80-year vari-
ation. The ﬁrst and second harmonics of the 11-year
variation are enhanced by the derivative operator, most
visible in the lower panel. The ∼80 year variation in
D shows a maximum acceleration at 1918 between the
two zero values at ∼1903 and 1929, and a speciﬁc
variation between the zero values at 1929 and 1962,
namely a minimum value reached at the beginning of
that time interval, followed by a slightly increasing
trend to the end of the interval.
(5) jerks are part of a more complex behavior of the ﬁeld,
namely the superposition of variations at the 22- and
∼80-year timescales on a steady variation, as a result
of superimposed surface effects of core processes at
several timescales.
To improve the representation of the SV for time inter-
vals around the extrema of the ﬁrst time-derivative, the SV
time series could be divided in segments approximated by
second-order polynomials, according to zero values of the
third time-derivative of the ﬁeld and apply the technique
described in the previous section, a1 being the acceleration
and 2a2 the constant third time-derivative. However, in case
of the data set available from European observatories, the
piecewise ﬁt of second degree polynomials to data, be they
the ﬁeld or its ﬁrst time derivative, can be applied to map
the internal ﬁeld secular change, as was done in Section 3,
only for a limited time interval (1960–2004), in which the
observatory network providing data is dense enough. An
alternative solution, using main ﬁeld models at global (see
recent reviews by Olsen et al. (2007) and Jackson and Fin-
ley (2007)) or at regional scales (Korte and Holme, 2003;
The´bault, 2008; Verbanac et al., 2009), spanning a long
enough time interval to get meaningful information on the
secular variation, has potential in mapping the SV for areas
and time intervals with a less dense distribution of obser-
vatory data. Among drawbacks of available models based
only or mainly on observatory data that could be used in
SV mapping are: assigning distorted information to areas
or time spans uncovered with data and leakage of exter-
nal signal into main ﬁeld models. The latter aspect is dis-
cussed in the next section. As regards the ﬁrst aspect, we ac-
knowledge here that the recent versions of IGRF main ﬁled
models beneﬁt from a much better geographical coverage
as satellite data have been included in modeling. However,
for the present study they have no relevance, because the
smoothed time series used in our analysis end before satel-
lite data were produced and integrated in models.
5. On the Leakage of External Signal into Main
Field Models
Looking at data provided by main ﬁeld models based
on observatory data from the same angle we did in our
discussion in the previous sections, reveals the presence of
a reminiscent 11-year signal in the time series provided by
the model.
In Fig. 10 differences between the model main ﬁeld time
series and ﬁltered time series with an 11-year running win-
dow are shown for European observatories locations in case
of horizontal component, for three main ﬁeld models span-
ning long time intervals in the 20th century: gufm1 (Jack-
son et al., 2000, 1590–1990), IGRF-11 (Finlay et al., 2010,
1900–2010), and CM4 (Sabaka et al., 2004, 1960–2002).
In case of IGRF the external signal leaked into the model is
distorted by the 5 years sampling of the ﬁeld, characteristic
to this model. An external signal is present also in CM4
core ﬁeld, in spite of the provision made for external varia-
tions in the construction of the model (Sabaka et al., 2004).
We remind here that the 11-year signal includes, besides the
direct external effect, the induced response to that.
As seen in the ﬁgure, the signal is signiﬁcant (20 nT am-
plitude) and it becomes important in deﬁning the secular
variation using these models. For instance, in the time in-
terval 1980–1990, a variation of about −4 nT/year would
be added to the variation of the internal ﬁeld, signiﬁcantly
altering the values and the pattern of the corresponding sec-
ular variation map, as Fig. 11 shows. In the latter the hori-
zontal component isopore map for 1980–1985 based on the
IGRF model is compared to the SV map for the same time
interval for the internal ﬁeld (i.e. with the 11-year signal re-
moved). Displacements and shape changes of isopores can
be noticed. The maps were obtained by interpolating model
values in a grid of 2◦ × 2◦ latitude/longitude (see next sec-
tion for details). It is also important to realize that the leak-
age of the external signal into main ﬁeld models concern





describe the magnetic moment of the dipole.
6. A Discussion on the Secular Variation Evolu-
tion in the 20th Century in Europe
In this section the three main ﬁeld models spanning long
time intervals, namely gufm1 (1590–1990), IGRF-11 (the
entire 20th century) and CM4 (1960–2002), are used to
describe the secular variation.
Considering our previous result that in the main ﬁeld evo-
lution variations at the 22-year and ∼80-year scales super-
impose on a so-called steady variation (Demetrescu and Do-
brica, 2005, 2013) we treated gufm1, IGRF-11 and CM4
time series computed in a grid of 2◦ × 2◦ latitude/longitude
(“virtual observatories”, term coined by Mandea and Olsen
(2006)) exactly in the same way we treated observatory
data: after ﬁltering out the external features from the time
series, the 11-year smoothed time series (E11) is smoothed
with a 22-year running averages ﬁlter, obtaining E22. The
latter is further ﬁltered with a 80-year running averages ﬁl-
ter to obtain what we call the steady variation (E80). The
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Fig. 10. 11-year signal in gufm1, IGRF and CM4 main ﬁeld models for the horizontal component.
differences E11− E22, denoted E(22), is the so-called 22-
year variation, while E22 − E80 (E(80)) is the so-called
∼80-year variation.
Maps for every 5 years between 1910 and 2000, obtained
by interpolating values calculated for the grid of 2◦ × 2◦
latitude/longitude, were drawn for H , Z , D, and their cor-
responding secular variation, using gufm1, IGRF, and CM4.
The internal ﬁeld and the 22-year, the ∼80-year and the
steady ingredients were considered. Of these, in Fig. 12 we
show, as an example for the case of IGRF, maps of the radial
ﬁeld (Z ) and its ingredients at 1960, and in Fig. 13 corre-
sponding maps of the ﬁrst time derivative (1955–1960). Ex-
amining the maps allows several conclusions to be drawn:
- the pattern and amplitudes of the ﬁeld ingredients
change in time. They are similar in gufm1, IGRF and
CM4;
- the amplitude of the ﬁeld ingredients is quite different
from each other. For instance, in case of Z , in the
last 40 years the 22-year variation amplitude reaches
50 nT, the ∼80-year variation amplitude reaches 400
nT, while the steady variation is of the order of 35–
50,000 nT;
- the amplitudes of the temporal change of various ﬁeld
ingredients (E˙(22), E˙(80), E˙(steady)) are of the same
order of magnitude as that of external variations (e.g.
a few tens of nT/year for the Z internal ﬁeld and the
steady part, of the order of several nT/year in case
of the 22-year and of 10–20 nT/year in case of the
∼80-year ingredients; compare to +4 or −4 nT/year
of the external signal in certain time intervals such as
1970–1980 and, respectively, 1980–1990 for H and
Z ), hence the importance of properly eliminating the
Fig. 11. Comparison of H isopore maps (1980–1985) of the IGRF ﬁeld
with (top) and without (bottom) the external signal. Units: nT/year.
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Fig. 12. Geographical distribution of the radial main ﬁeld Z11 (a) and of its ingredients: Z (22) (b), Z (80) (c), and Z (steady) (d), based on the IGRF
model for 1960. Units: nT.
Fig. 13. Temporal change between 1955–1960 of the radial main ﬁeld (Z11) (a) and of its ingredients: Z (22) (b), Z (80) (c), and Z (steady) (d), based
on the IGRF model. Units: nT/year.
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external signal before any interpretation of SV is done;
- various ﬁeld ingredients (E(22), E(80), E(steady))
evolve at different geographical scales as Demetrescu
and Dobrica (2013) have shown at global scale (ap-
proximately 10–20, 30–40, and 60–100 degrees of lati-
tude, respectively, in case of Z ). The geographical pat-
tern of the secular variation of the internal ﬁeld (E˙11)
at much smaller scales (country size) could be decided
by the combination of the 22-year and the ∼80-year
variations.
7. Conclusions
We have discussed, based on data from the European ob-
servatory network and global main ﬁeld models extending
a long time interval (gufm1, 1590–1990, IGRF, 1900–2010;
CM4, 1960–2002), a few issues regarding the secular vari-
ation and secular acceleration, with consequences on map-
ping them at regional scales.
We conﬁrmed the well known presence in the annual
means of geomagnetic elements of a 11-year solar-cycle-
related (SC) signal due to incomplete averaging out exter-
nal effects and their induced counterparts, modulated by so-
lar activity (Chapman and Bartels, 1940; Yukutake, 1965;
Bhargava and Yacob, 1969; Alldredge, 1975, 1976; Cour-
tillot and Le Moue¨l, 1976; Alldredge et al., 1979; Yuku-
take and Cain, 1979; Demetrescu et al., 1988; Verbanac et
al., 2007; Wardinski and Holme, 2011) and quantitatively
showed that the time change of the signal is of the same or-
der of magnitude as that of the internal ingredients of the
measured ﬁeld. As a consequence, the SC signal should be
ﬁltered out before any discussion on SV. An attempt to do
that was reported by Verbanac et al. (2009), but they used “a
single averaged external ﬁeld approximation time series to
be subtracted from each observatory data series”, while our
approach used such time series determined for each obser-
vatory of the study. We also showed that the SC signal leaks
into spherical harmonics models of the main ﬁeld that are
based only or mainly on observatory and repeat station data.
That signal should be properly ﬁltered out from data before
modeling, as, for instance, Verbanac et al. (2009) did, or,
in case of certain main ﬁeld models such as gufm1, IGRF,
CM4, ﬁltered out from the model time series, in order to
deal with an uncontaminated internal ﬁeld, as we did.
A second issue is that unless the two induced ﬁelds by the
core ﬁeld, (1) by magnetic induction in the litosphere (the
induced litospheric ﬁeld) and (2) by electromagnetic induc-
tion in the conductive mantle and crustal structures, are in-
dependently known, only the change of the entire internal
ﬁeld can be obtained from data when the time derivative is
considered.
A third issue was revealed by the time perspective offered
by long series of observatory data. We demonstrated the
inadecuacy of the jerk concept in general and in SV map-
ping in particular, when dealing with time series from which
the external signal was ﬁltered out. The internal ﬁeld rep-
resented by such time series does no longer show a sharp
variation at the jerk time. It shows a rather smooth transi-
tion, lasting several years, between episodes of increasing
and decreasing or decreasing and increasing SV. Also, the
secular acceleration would not be constant between its zero
values as it is within the jerk concept. Unless the SV is
strictly linear betweeen two successive extrema, the accel-
eration will have a pulse- or a more complex shape in that
time interval. The jerks should be regarded as parts of a
more complex behavior of the ﬁeld, namely the superposi-
tion of variations at the 22- and ∼80-year timescales on a
steady variation, as a result of superimposed surface effects
of core processes at several time scales.
A fourth issue regards the contribution of high-frequency
ingredients of the SV to the observed geographical pattern
of the SV. Depending on the map scale and size, differ-
ent ingredients could decide that pattern. We found out,
for instance, that page-size global maps, as those posted
at http://www.ngdc.noaa.gov/wist/magﬁeld.jsp, are domi-
nated by the steady ﬁeld variation, while regional maps as
those of the present paper are inﬂuenced by the geograph-
ical pattern of the 22-year and ∼80-year variations. SV
patterns of country-size maps could be decided by the two
high-frequency ingredients.
The results of the present paper contribute to a better
understanding and interpretation of the secular variation
temporal evolution and geographical distribution, and set
new observational constraints for main and/or internal ﬁeld
modelling.
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Appendix.
Table A.1. Geomagnetic observatories of the present study.
No. Observatory/Country IAGA code Geographic coordinates
Latitude (◦) Longitude (◦)
1 Toledo/Spain TOL 39.55 355.65
2 Coimbra/Portugal COI 40.22 351.58
3 Ebro/Spain EBR 40.82 0.50
4 Tbilisi/Georgia TFS 42.08 44.70
5 L’Aquila/Italy AQU 42.38 13.32
6 Panagjuriste/Bulgaria PAG 42.52 24.18
7 Grocka/Serbia GCK 44.63 20.77
8 Surlari/Romania SUA 44.68 26.25
9 Odessa/Ukraine ODE 46.78 30.88
10 Tihany/Hungary THY 46.90 17.90
11 Hurbanovo/Slovakia HRB 47.87 18.18
12 Chambon-la-Foret/France CLF 48.02 2.27
13 Fuerstenfeldbruck/Germany FUR 48.17 11.28
14 Wien/Austria WIK 48.27 16.32
15 Lvov/Ukraine LVV 49.90 23.75
16 Dourbes/Belgium DOU 50.10 4.60
17 Hartland/UK HAD 51.0 355.52
18 Belsk/Poland BEL 51.83 20.80
19 Valentia/Ireland VAL 51.93 349.75
20 Niemegk/Germany NGK 52.07 12.68
21 Wingst/Germany WNG 53.75 9.07
22 Minsk/Belarus MNK 54.50 27.88
23 Hel/Poland HLP 54.60 18.82
24 Eskdalemuir/UK ESK 55.32 356.80
25 Krasnaya Pakhra/Russia MOS 55.47 37.32
26 Brorfelde/Denmark BFE 55.63 11.67
27 Lovo/Sweden LOV 59.35 17.83
28 Leningrad/Russia LNN 59.95 30.70
29 Lerwick/UK LER 60.13 358.82
30 Nurmuijarvi/Finland NUR 60.52 24.65
31 Dombas/Norway DOB 62.07 9.12
32 Leirvogur/Iceland LRV 64.16 338.30
33 Sodankyla/Finland SOD 67.37 26.63
34 Tromso/Norway TRO 69.67 18.93
